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tSUTs &*<7>A lGaN^^-y FS^ftbOC: I nG 
a NXtiG a N £ ? 7 -y KJB t LTffl^S d i: <fc 00 

h«<0®lff$cOffltJ:b^T^& < %l X 0 fctfllf, is 

aiHR^NMts totr * x fwtrn t Lxmm g a 

XZtltz**VTtfl nGaNXtiGaNj&^fcStf'f 



7- p-f nGaN MOWZJ-fKIS 
6- = 



n-lnGoN MQW KS 



5 
4+ 



10 .P®si 



n -GaN 25*/ KB 



JnAiGaN MQW SttB 




1 

k i> I nfijftxat^A 1 ffl&yWftlfr<?>mff 
IKrS2a^Ini Al, Gai-,-, N (Ux§y§ 

I n z Gai-. N ( l>z>0> frhtzhtiA YMk. 
In. A 1 v Gai-u-v N (Dugv^O, l>u + 
v>0) *»4,*6^5vHJIk, 

[IS^<312 ] 4>$r< k fcSSttflik^ KSk >/ H 

^< k fc I nfflj£x2«>'A 1 «yiOUW(7)W 
^4 2IWIn, Al, Gai-,-, N (l^xgyS 

o, ux+y^o) comw£E£mm ztuz&ttx 

In, Gai-z N ( l>z>0) frhtthtiA Klks 

GaNH^^7'yh'iL 

££tf£k£*^k^4¥**V-lF8if. 

4 2SC9I n, Gai-z N ( 1 > z S 0 ) <7)«*^5lC 

mm. i , 2<owrfi*» 1 ^ztm^m^-^m. 
m. 

In, Gai-, N ( l>x>0) #>£>&4*g'f£Jlk , 
I n, Gai-, N ( l>y>0. x>y ) 
Kit. 

kKitZfyv YmtemzZ^ix-fttthh 1 , Ga 
i-» N (l>z^O)*»4>5rS»Jiaiitfi«k. 

z. k wmt-i'i'mm'-* mm. 

Si: G a NJMtemmiMPttltmftl' 

In, Gai-, N (l>x>0) *>6*6JSttl. 4fc 
{±1 n, Gai-, N ( l>x>y^O) ip-CtthUH H 
SOttOMHgU Alffi£z«offij&rtS$:4 2»OAi 
z Gai-z N ( 1 >z § 0 ) A»A>£4#Jt?#F»ittf> 

i cDZ&mFm&m m&mtz *> tmtz. , i 

ni Al. Gai-u-vN (l^u, vSO s l^u + v 
SO) 7 >y HSt. 
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[f&HJOpiffl&t&BJ] 
[000 1] 

[0002] 

GaN. In, Gai-, N, Al 
, Gai-, N (O^xgl ) „ I n,A 1, Gai-,-, 
10 N (O^x, y^K Ogx+ySl ) &DGaNJMt 

&»&mw* nmmwu-romikLxmzti 

§r s GaNlLD (Laser Diode) kV&Wrf * . 4fc. £ 

wsmmzm-tzzkiz-tz. 

[0003] GaN^LDIi, ]ga«W4ffl*^bfcJ: 

tommm&mmxMk Lxm&stixta.. 

G a NifcL D k LX&Wnffim^ZiXX t 
20 % V^iNtiKftll& 1 k A/c m* WT£-f4 £ k a*C* 
•f. I/— fft<Ojg#M (OTFFP ;Far Fiel 
d Pattern k€B&-f 4 ) 36«*Htt***fc«>, »«^ft 
V-M£<m^W^f&X'lb ~> tz . £*>£*>. 

X?fflftilk tTffii^GaN^LDiiiit^tli'oft 

[0004] ^dt'FFPtti:, V—9*««BI!P*3&»6 

30 TiTtaK^OSvMSW^fcSWT, h'-A»h«g 
St LTJSttBfctf t-csa^raicoF FPtct < tcitg 

Lxmmth. 

[000 5] fflaw>GaNSRLD<?DFPPfc:4t4^ 

[000 6] GaN3RLD<0FFP*«^*lttSrS?fJli 
40 (i. V-^Wtifi^M^-Y (anti-index guided mo 
de) fci«JffMl* 6*14. iiTRaKft* 
-Hkfis vSttJi(7)±T («»»HW>*H!I) «4*r4 

m&mx'$ittzm i ±TcomizLx.t:L. ±.r<om 
com ii&>m&*z < &4 iz^mmm±rii 

mzfctf F F P at£«tttfc&4HUR£ ^ 3 . 
[0 00 7] t**>t>s fl6*GaN*LD«JtfcJ3V^ 
*C, InGaNSSttJi»JBiff**nK -eo±Tt3|i^ 
•f-4GaN^-f HJf«JB#f**n2 , fflflGaN^ H 
50 S<?)WBIA»fe±Tfe:RfiW4 A lGaN?77 HJB^H 



(3: 

3 

tfipfcns btttZ, m >n 2 >n 3 A^OAotO 
afcj&ofcBtftESSSFE-h* (index guided modeUcJ: 

[0 0 08] LfrU GaNjRLD-Cli, iStt*£*S 

^iiAtSli^ay^? MS*i;£flS*t*fctf>, a i 

Ifc^JPftW* *^GaN3y*?H| ififm S it 4 i 

tca*L4fth.Hf*4»35rv^ J2TF S ^&»&sJnt& 10 
i S F-7\ ffiMZtittnm H-A-y h 

[0 0 09Jfi!3lW>GaNjfcLDTtt, JgffiBfc^ H 

«« (n1.n2.n3 btm&Mn&zrft&i'pib 
mmmtK ztizmtGauay? thiamin 

mm .fcOM^vfcfcGaNay*? r-Jf^fttfL^ 
ffiU GaN3y*:?MIc9^t^fl&#;fcS<$: 

[0 0 10] HI 0{±, ^^GaN^LO^^S 

[0011] Hwfflwitt. LD^pgp^^r-rifiafflw 

1fi3t<0««5tK (SMfNFP; Near Field Pattern fc^ 

hJf . 9yy *H YM. mOMAWISfr' 30 

[0 0 1 2] vSiU->-3 M±, n-GaNrjy?? 
hJI25, n-AlGaN?77K126, n-GaN 
YM2 7, I nGaN^if#F (JiTFMQW; 
Multi -Quantum Wei 1 fc Vffit h ) f§>i<7)YSttJi 2 8 s p 
-GarW KJI2 9, p-A 1 GaN?9>y FS3 
0, P + -GaN3^rl3 1s vWRSZtoMt 

[00 1 3] Hi OlZtftmz. -G 40 

aNay^ MB3 lfcfflt^Mi«|&*;£jiSl/e^ 

[ 0 0 1 4 ] 111 1 1 J±H-Hfefr-C*«)fcfi!3fW5G a 
LDOFFPT&&. H<0$tffl{i^-if:ft^t'-AC0£ 

*r**. -l 5*io*aifc:»fe*i*jifi!a«o4±*« 

Ofis 01 Ot'tfKCjfcp* -GaNay^? h@3 1A. 

nftfflt&frlzX h i>nvt> 0 . 1 8*ttifitc*6*i* 
JfV^n-GaNny^^ hS2 5^ft 
L«tffU:J:5 *>it4. 50 
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[00 15] ilB^v-SAb—^gytiO, flHW)G 
aN*LD(OFFP<OSe»r-^fe*^<l43tt*-Atf) 
&tf*)k£*&tlt* l,vftU>GaN3y??r-Jl2 5 
t 3 1 A^»fcffltii«)(cJ:S£ k*^ffl8*(=J: 0^6*» 

[0016] £^j: ? wm*- yizx h i^-ifae 

T(i F F P m>W&£ TFCttt *» 0 T'& < , K-^yM 
j£wiH^GaN3y?? hWfcJtiJHB** 1 **:**. 

BflEMfiKfcS. i">t, flawGaNjRLDTliGa 
N3V^ hWVCWeWfcfLSJS^SfcA, A 1 Ga 

*\ XttA lGaN?77 h'a^W<-ri»^<7)Mm* { t 
3^-f, 

[00 17] HI 2{i«^<0GaN^LD(COUT^ 
fcA 1 GaN;?7 FJ12 6. 3 0«A 1 ffl^tif${3 

-5/3 . JftHtt A 1 GaN?77 FM<7)m 

StfStAA 1 GaN^77 K/fOA lfflj£T'£>6. 3- 

flSfcjjsl/O**. HiO, A 1 GaN;?7 Hfl^WS 

A 1 GaN?77 FJ8(0AlM&t:±%<i-miZ^ 

[00 1 8] fie*ttGaN$LDfcOlvC*«>;fcA 1 G 
aN^7-/Kl2 6, 3 0^GaN^K|2 7 > 2 

Sria 1 3 tc^t. H i 0 9 5 >y FISW HJI<0«S 

*** < w t » \ wma&Mkwtth £ t 
ha Ym<r>w^zn^hL%\^w^mn. 

t&izit9 7 ■/ kswss < -r s £ t tmsteh 

[00 1 9] [21 2, HI 3tcfcv^Ts JIKrUkSn* 

■*-*fc»tett^9'y HeoJf § t a i ffi&nmthz. 

t L§ v ^eCSSffJS J tOiiS: 1 k A/ c m2 jaTki"* 

[0020] iiS, A 1 G a NStCfcV^TJiG a NHJ: 
9 tWiiW^fcft, A 1 GaN?77 h'lcT)^ 
i' , ;r^S:iS<-r4£t{illl|-CJ)'). A l GaN? 
y 7 KJKJK-tittf ^ 5 v FJI«S^1BE«W:«>1'- 

G a N^M B B B fc <^FSaa^)ffiSA»fe . A 1 G a Nil <0 



(4 
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A 1 **&<"f*lJf? y v ft 

[002 1] Zco£ol,Z^ i&^L% ^it*aRftrefl£« 

ibpu f f p tfrnwa tiftr < xrm^nmmz 

atfcGaN*LD*StaH"f4fci6fc(i. AlGaN? 
[0 0 2 2] L*»L— **c*iv^r, AlStfLiMML? 

7v\<mzm<?tuf, ^v-x&mmuixmftn. 10 

JE*»flS<iOx AlGaNfcfl^GaNSRIiflii: 
[0023] 

[W»3WW»LJ: 5 fcfiMH JJBUrJ: SKA**) 
GaNfLD ta±, I n G a NiS^OiTCHHS't* 

SftfcA 1 GaN?77 FiBk*»&$r5iSttJIJ3ifl»« 

<nmmmtnm». § ^cMieA 1 g a n? 5 ? hi 20 

*8kts]:ol,zm$.%iif»GaNa>?? b«coJB*f*0) 

[0 0 24] tits ««GaN^LD(;li ?7 7H 
1^)A 1 fflfiH>J¥2 £±£ <UAlGaN^77Kl 

[0025] *«B8»4JJEcora»ili*»ife-t/«^§ti. 

ffp #JSU*tt £r*-y\ 3fcr 4 X ? ^v^jEffl fcjg 
L^iSflffittOG a N^LD fcjgflW-S ^ k £gftk-?- 
4. 

[0026] 

miG amit^m^mm^i)y-r^wizt5^ 

X, k i> I nfflf£;x&tf A 1 fflty WftliMO 40 

******* 2*0 I n* A 1, Gai-x-y N(UxS 
ySO, lSx + ySO) «)«*«2lffifc:BWiSilfc^M 
^#F«g£#-f£«ffiIk, In, Gai- 2 N ( 1 > 
z>0) frhtthiU KJgk, I n u A 1 v G ai-u-v 
N(l>uSvSO s l>u+v>0) j&^=Sr6?-7-y 

[ 0 0 2 7 ] ifc, aB«B(0¥»»l^-^ nan*. 
< k 1 1 nislxMA l ffljfty flnvffu&HQtatfJMr 
£2fil<7)I Hi Alj Gai-x-y N ( 1 SxSySO, 
1 S x + y ^ o ) <0**«5Sfc««S<lfc^Jt?#Fflt 50 
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jt£3rt£*Stt*fc, I n,Gai-, N ( l>z>0) 

[0028] #*L<ttl9e#4 I njfflj£zO 

tt* f *44 2«Wl n* Gai- 2 N(l>zg0)<0| 
3&*SStSBWS*ifc, £fiffi?#F«Si£:rf£.rk£ 
#®k^£. 

[0029] ££s *^«0¥»ft f ^ffli , v£tt 
St. l9SSttJB<0±TtcBWft*^ Hat. flifiStf 

-f rmizzti?tLmm~f&7yv mti^tiG^m 

fciiM*Wm>t>%&l'-i s mWlZt5UX, In, Ga 
i-i N ( l>x>0) *>$>$:4Stt*i:, I n y Ga 
i-y N ( l>y>0. x>y) frkfrliH Klk, fif 
f5*Sffilk#^ KJBkWH. tMStffiffJ FJBkffiiE 
75?FIHk«igjC*;h/?*l^**Alx Gai-z N 
( 1>zS0) 3&»fe*4»«PMMIi: **tf ik*1«S 

[ 0 0 3 0 ] 4fc, *»BJfc^fcP-1fS{Ki. ^ 

N^it^^mm^^hu-^mizn^x. i n« 

Gai-i N ( l>x>0) *»4>£*$SttJEL Sfcttln 
y Gai-y N ( l>x>y^0) frt&htiA YMtoK 
HlfcWSfU Alffljjtz<0tt*»*5r4 2»OAl 1 Ga 
i-z N (1>zS0) *»6*4**F#FI(Bt<0iWH» 
SI k , £ o£fi^#Ffitit?)?I!II5f M/Itc § 4> £6t& 
•fl> I n„ Al, Gai-u-v N ( l^u, v^0, IS 
u+v^O) 3&»^S^9-yKJBk**Oik*1tak 
•f4. 

[003 1] 

MCDimiZm G a N&L DOBfMffl 5S^ StH 1 ?* 

Hlfc*^-GaN3RLDIi, *7 T >f TS^ 1 <7)± 
OGaNA>y7Til2k, n* -GaN3y^^M3 
k, n-GaN?77 h*S4k. n- I nGaNcOMQ 
W^H15k. I nA 1 GaN^MQWjgf4l6k. 
p-InGaNOMQW*MKl7k p-GaN?5 
yh'B8k. P + -GaNuy^^hS9k, %<?)±\Z 

[0032]S^>fcp* -GaNay^^h®9^^n 
♦ -GaLNay??hm3<o&<t>tX'&imi l zx.vf-y 

71. m&lfcn* -GaNay??hm3<r>mmzn 
mmi ltfffiffcZtl&. GaNA-y7Tf|2tt, 
■9-7 r 4 TMc 1 <0±t:jS*-tS G a Njf&ftflBgOJS 
H B H tt2-K#-t-S» i k * S Wk LT . 
[00 3 3 ] ii-CnSOF-^MiS i , pMcOV 
-^yHtUsX'h*). n* . pNWftefWfflWK 
-^V h^^av^i k Sr^-fo v§tt^6S-fllB!t-ri> I 
nA 1 GaN^MQWiOfllJite, ^-fiVN>K^> -y 
7^*>V%-<?>m s: 5.^£.%fc&W% 2 0 n mWT«02 



(5 
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m&?) I nA 1 GaNlA»6£4. In, A 1 y 

Gai-i-y N ( 1 SxSySO, Ux + ySO)^' 
y H=¥ Y 7 7*X*JWMi x I n jfijfc x X<2 A 1 ffllfc 
y, Xfi*Mx, y<^££tgfc§i*-S£ 
SV^a^SMt-fiik^'C^S. ^«k#, Ing 
JKxXliA l*Bj£y, XiiBufflffi)£x&tfy?>ffi£ftif 

1 0 0 n mjaTW»V**-*&»4>fc* S QW$ 

[0034] *tJHl<7)^ HB5, 7(2, -eft-fittf) 10 
»S*<2 0nmJ3lT<O2«Htf5I n 2 Gai-, N (0£ 
z<l ) «3S(3|OTLTMQW|»iM);if'f Hit® 
jKLfcfc&WiSSivcv^. z.0)X5lztf<< HiI5, 7 
{iMQWfltjtkbTi&OL, I ntBjfczOfKW H 

[0 0 3 5] I nGaN#4 KR&MQWflBtfc-J-fl 
ftSlSS'tSitJiSSSt**. Cl<7)k£, InGaN 

[00 3 6] Hl^-rJ:^^. Xf-f FJH* I nGaN 

A ! GaN?77 K«*«TRk*41«R*J**. 1"**) 
0 1 fc^f i -5 tiZ I nA 1 GaNvSttJf6i:-eo± 
Timmtl I nGaN^ HJI5, 7k, $£>fc*<7) 
±TteHSrt-*GaN??>yK*4. 8HWGaN 
»LD(CfcVYC I nfflfifckA lfflj£k£Mfc-f££ 30 
k J: 0 , vSfflf , #4 Hif , Mf7 y >y FMfrfc** 

i«8fcRS LT^iKSiiS G a N a y ? ? h Mcomtfim 
n 4 £9k*$V*GaNjRLD£SB8?"S£4:J& < T'& 
h. 

[0 0 37] ^lc^M^gg^GaN^LD-Cti, & 
*OA 1 GaN?7-y FJIWffcbO £G aN? 7 -y HI 

*?Hif3, 9*qWI$ivCt»» l^— 9*5636*4 1 nGa 
K-rfi«±^ ^GaNn;/;y*;/-h- Jg/\<7)3fr9 (^jf t 

[ 0 0 3 8 ] 02 lZ*m 1 <OHtk<OJ]»BCffi« GaN« 
LDteOV>T*«)fcFFP<OJgtt"C*ft. .IOk#, I 
nA 1 GaNa>£>&£>MQW$gttJS<OA 1 Sfi^filH 
^, t=5r*)*>I nGaN^MQW*£ttJl£JBl,\£>i§-££ 
OlvC*»fci*VC*4. L*>L, FFP^tffiMQ 
WSftJi<0A 1 «JiE*CJi*a fc X. 4f-flcifiP4i^', A 1 
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[0039] A 1 GaN777 KlfcffiUfcHl lfc* 
•f^OGaN^LD^FFPfcrJfcKT, GaNrjy? 

? M{c j: &#b§ taft^cjmi. f f p \tmti 

HB^GaN^LDC0^jt-C(4. ft*#±2 OjTC*ofc 

[ 0 0 4 0 ] 01 CC^-tH 1 <0*it^BJB<OG a L 
D(2, ifcft#j4 2 0 nm£*JVvC2gffl"?attlW|s (fiiS 
«SStJ:*«#) L, *<0L£^«ie**ttlkA/ 
cm* OTT'&'y, ^—t'?Bfc7)FFP<202<7) 

[0041 ] &£03fcS-?# , *3WJJ«0SS2tf>l3S<0 
BMlzm G a N&L D£OV rCSi^S . 03 fcfeV^ 
T, 01»GaNifiLDi:*f|E-tSaMJ-fcttH-<O#gg 
SWfLT^S. 06, E7fc*}Vvtp| 

t) . 

[0042] 01ttJUT(i, I nA l GaN-/gttJ16 
W±T(CI nGaNWMQW^ HJg5, 7# { |?8gl/t 
^Jt#, iOI nSaNWMQWM MJi, H3fc5% 
J: 0 *Z I n A l G a N&ftl 6 <3#Ugtf)*fcBI£ tT 
V>Ti>mV\ 03t'Ji I nA l GaNc7)MQWvgttS6 
tn-GaN?77K!4i:^(:n- I nGaNCOM 

[0043] jfe(3^fci 3 tgfitt«A»i I n G 

[0044 ] i«J:3(3l nA l GaN*£'|4g6<7)#-fflI 
CO*<zm&lX I nGaNOMQW^ FJBfcKftfc* 
#fcf4, 0 2 t^Jt^T F F P«3feK^ft*«^f Jffivk 
=5:0, SttJi^ct^Ttfl^t^ffiTtl.^, n eff <7) 

mfrmm&co ffp z t i . 
[ 0 0 4 5 ] is 1 , ^ 2 comi&omm?<7)Kt:£ o c 

#*C7)A 1 GaN?77 VmcDttb*)t,ZG&N?y-y H 
15:fflV^{f F F P £JpM:-f & d k^'T§ 
AlGaN^77 h' SrfflV^itfLtf, Jt«WlffiK<0*V^ 
A 1 GaN?77 KSfcJ:S11JEBTt>^t ! flr<^6fe 

rmfi0mfmE#m&u ik>. jsv^a i g 

[ 0 0 4 6 ] 04 ti, *»W0»3<0jat<0JBMlt:tR* 
GaN%LD(r>Wiftffim*;i-mX'&l. 04^-TG 
aN^LDJi, V7T4TWR1<F)±.\ I Z. GaNA'77 
rJ12ks n* -GaN3y?? hi!3k, n-InA 
1 GaN?77 Hill 2k, n - I nGaN<7)MQW# 
^Hil5k» I nA 1 GaNiOMQWvS14S6k, P- 
I nGaNCDMQW#-f Hif7k, p— InAlGaN 
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[004 7] £<o(C, p + -GaN3^?M9H 

y^U IWJLfcn* -GaN3f*?M3*)*W: 
nffil l#'^f£$fxl>. 

[0 048] fc|«I8tng!<7DH-^yM4S 
i, plWH-^yMiMgffcl. itlnAlGa 
NOMQWvgttJf 6(4, m § 2 0 nmjaT<0«WcW»Sr 
hlW&<n\ nA 1 GaNJf £3eZ£i|fJll,fcMQW|g 10 

flBft&»6=5rfttO , C , ft|}, I nGaN^MQW^ HJB 
5 , 7 (4, lf§ 1 0 0 n m&TOajfrOS&S 2 SO I 
n G a NB£$S(3fiM| LfcMQWflfitj&^fcS &<0? 

[0049] tf^HJSS, 7tInGaNWWit 
JWTO^fcJ: "3 fc, £#$rl nGaN^i^fc 

t v i ti i m Qw^tjt fc -ttumik&tfjzmiz 

[ 0 0 5 0 ] H4 fcfi^305gdt«O^fcfcVvCU:, 
?77K112. 1 3 £ I n« A 1 v G ai-»-, N ( 1 
>uSv^0, l>u + v>0) CO£o%47tfc&fot 
U I n*Mu#A lfflfigv iOfc^V^lt-tiit 

[005 1] ;<7)J: dfc»2<3SOt*)JB!B"?tt, *£t£S 
kfyvVmtZ I niffl&iPA l.«jRJ:D*&VU nA 
IGaNiU HJI£ I nGaN^MQWt 

-f££fcl;:4D, aSttJii:^ Hm?7>yHB*»A>£ 

^hfflitK^t-c^$^i)GaNay^^ bmmm 

*m 4 0i±#^GaN^LD£||i|l/O^. 

[ 0 0 5 2 ] $-3TH3<7)HitcO»9G a N^L DT" 
J4, «l<!0||SScOJBSSi:lRia. GaN3^M3. 
9imMZtlXi>. HS&®W*neff 4 { GaNn>^^ 

MiHWW, WBBil nA 1 GaNvS 

4. fiSoT, FFPO$ftg#?&(4, H2te*-f J^fcft 
ixfc**»Ht £^ J: d fc-f * i k #T'# a . 40 
[0 0 5 3] **J. »2«SdtWJB«i:RKs InGa 
NCOMQW^-f H15, 7(4. Li I nA 1 GaN 
iOM Q WvSftjf 6 0mm£J8&f&&&li& <> FFP 

<m&ft^ifi^ttnmz%z>xMihhtK inGa 

«lfcJiUH$tt£4l4 £ t 4 . £ <n 4 9 tcm 3 CO 

mwjmnmktm mux* m 1 nmmnmttm 
mmz , mtiwmcoG a l d £$4 £ t 
4. 

[0054] <Rt0 5 teStf £#3Wfc»ai4 Cvm&Offl 50 
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1 0 

jBte-^i m-r * . i j^m 3 ^nj£o^ 
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of the effective refractive 

index of an optical waveguide in a laser 

luminescence than that of the 

effective refractive index of GaN contact layers in 
a GaN laser, by a method 

wherein the GaN layer is constituted of an active 
layer having a specified 

compositional formula, guide layers and clad 
layers . 

SOLUTION: A GaN laser consists of, for example, 

an InAlGaN active layer 6, 

InGaN guide layers 5 and 7 which are respectively 
adjacent to the lower and 

upper parts of the layer 6, and, moreover, GaN clad 
layers 4 and 8 which are 

respectively adjacent to the lower part of the 
layer 5 and the upper part of 

the layer 7. Here, the layer 6 is formed into a 

multiple quantum well 

structure, wherein two kinds of In 
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